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A ^ JE^- 4>Jr ^^H, ^>3l nS] N-^^^l ^fl§Kr TPR £ 

^l*?! 0 ! ^H 7 ?^. ^y] l-s]^^!^-^ O 1 !^ 0 ^ l^-tirS}:!:^ 

s+^r PP2A ^fl £r f )loi(pp2Ac)°l ^flW-. ^ Ur^l ^ #5}^^.^ UrSKi 

£. 7 
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2f-g-£|-^ ^tt ^ o]$) -g-J£{Novel 

phytochrome-interact ing protein and a use thereof} 



<2> ^^^i ^W^H (partitioned rectangle): °1 (chromophore) 

<3> PSD: ^^fl^ H.n)]*l(photosensory domain) 

<4> PRD: PAS(Per-Arnt-Sim)-?r^ S.^i9l 

<5> HKRD: §1^e]c1 ^m-^fl-^^ S.nfl^l 

<6> £. 2^r °fl7l^l-cfl Tll^ tfl -^-^i^r^r ^S^fB] ^Sgj-S]^ PAPP5 ^^^3 



9\ y^v^^v ^-J%S.c]t^. 

<?> S. 3^ ■& PAPP5^f <^e| ^°.^JfBl ^5% Xft Q/* 511 Vi ^ 

wfl^ #<?l^rs|-3Ldh(PP5s)3l a^^- cf^ ^(multiple alignment)*!: ^ 

<8> H. sap PP5: S.SL /fomo sapiens )-£] PP5(GenBank accession No. 
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CAA61595) 

<9> M. mus PP5: -r-i ^-iff^-iC Mus musculus)^] PP5(GenBank accession No. 

AAB70573) 

<io> R. nor PP5: h^^^]7}^f-^( Rattus norvegicus )$\ PP5(GenBank 

accession No. CAA54454) 
<n> S. cer PP5: Al^-^^o]^^ a\] efl ti] X| ofl ( Saccharomyces cerevisiae 

PP5(GenBank accession No. CAA58158) 
<i2> D. meg PP5: H-S-^^ei Tge]- ^7fliE-] (Drosophila me 1 anogas t er) $\ 

PP5(GenBank accession No. CAB99478) 
<B> C. ele PP5: ?fl^s^-^B]^ ^A^^iCaenorhabdi t is elegans)^ 

PP5(GenBank accession No. CAC51076) 

<m> £ 4^r PAPP5^ 5X)£3.^- A5|^ ^-g-^ ^o>ji7l $\ *r 

JSL £-*H A}-g-^ ZV Hflol^ n] s gfl o] ( prey ) $] ^ 

oj-g-SV^ JLS. 2-§>^>l W-Sl^. ^r^# ^*§*1; ^^f 6 l^-. 

<15> £5 ^-S-H?l^ Sr 6 >^l (GST)5f PAPP5-2] -g-^- ^^(GST- 

PAPP5)^1- 3i) Eat A 5&^r slEaf B ^ #3: ^^ v # I^V^l a]*|:£ 

<16> £ 6^ ¥r ^°\] PAPP54M ^ISa.^^ ^ ^-g-^ Jf^fl-i- 7T 

^§>7l #-^f^ -Sr^(A) ^ PAPP55] 2.2. 2-*MJiBl:5. ^>3l 
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^ ^ ^(B)# ^3*1 

<17> S. 7^ ^ Ir^ofl n}s. PAPP5^ ^^71 % 

<18> A: ?1 100 pM «HH sf^-^^t^HS-^ll^C p -nitrophenol 

phosphate; pNPP)# 7}^S. *H 
<19> B: 100 niM^l p NPP ^£ *HH oj-^j^A]-( arach idonic acid) ^7H1 ^?!r 

<20> C: PAPP5 ^ ^ ^^§^r tfl4>o_s. £>}ef7l^];i2) ^7H1 Si: 

#^<2] ^nfljLo^ ^ 

<2i> £. 8^ M?5 -fr^*^} ^olx|(p 5 pp5-7 ^ papp5-2)°\]*\ T-DNA7]- 

M-Bfvfl S^]H(A)^f ^fO]-^- ^ol^s-o^ PAPP5^ 

d >^^(Col-0, Ws-2) ^ PAPP5 ^ # *fl ( PAPP5-OX1 ^ PAPP5-OX2) «1 

<22> S. 9^r ^r-^ ^W/^/^-i)^ ^mPAPP5-OX2)s\ 

°>^^(Col-0) ^ sqSH.^- ^]H{phyA-211 ^ ti]I2.§H S A h* ll^ 0 ! 

<23> Rc-HIR: S7f 

<24> FRc-HIR: ^^^^ S^V 

<25> £. 10^ ^H^-(Red) ^"(Far-red) S^>a] ^--o]--g- i£ o] *fl (p a pp5- 
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1 ^ papp5-2) ^ ^%mPAPP5-0Xl ^ /FM^ti^l %^-§- -fr^l-i: 

{CAB2, RBCS % CHS)$] <>Mj^!(Col-0 ^ Ws-2)^ ^JH^ ^ 



<26> 5. 11^ *}7}<a^:$t$. ^ sqSH.^ A(phyA)^l tfl-st PAPP5^ %<?1^:5)- 

# ^^(-# S-^l^b -^l^L 

<27> A: PAPP5£f £^1^1 t&^^SI- 

<28> 25% ^-5^1 # ^ GST: t^S^ 

<29> GST-TPR: GST^f PAPP5-2] TPR :£*H°1^ ^yfl^j 

oo> GST-PP2Ac: GST^ PAPP5-S] ^12A^ lh < y^]:5]-J:4i(PP2A)3f -^-Apj^- ^2=, 

<3i> GST-PAPP5 : GST^f PAPP5^1 -g-^ 

<32> B: sqSH.^- A5] ^^^Eflofl u)-^. PAPP5^ H;<y^>s)- 

<33> S. 12^r PAPP5^ TPR S^l^l^r ^f^^Kr ^^ £ ( A )^ 
^]7} 3E<y^ TPR 3E*Hoi oij-l;^ °] Ti, T 2 ^ T 3 2.#(B)^1^. 
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^r^l^^. 3Hr-8-*fl(*lSHI UV-B *HMfl, UV-A/3M3J- i^HigJf fl-i- 

#)#^ S^Rr ^-^l^flTl] *lJr# ^fl7flW 

(Fankhauser, C. & Chory, J. Curr. Biol., 9:R123-R126, 1999; Neff, M. M. , et 
al., Genes Dev., 14:257-271, 2000). a}e ^ ■StM^- 

#3.^1 o]^^^^(Q uailj P _ H _ Curr Qpj n Ce]1 Biol,. 

14:180-188, 2002; Gyula, P. et al . , Curr. Opin. Plant Biol., 6:446-452, 
2003) . 

^£3f^ Jl^^l ^ % tf<£fl Tg^. S^S>^, n 7> 

^Hr^§ 3)£3.-fKPfr) *> 0 H A i 4^ SSHI^l ^-^Sl(photo-conversion) 0 l t-J-eJ- 
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€fl^-S.^l ^(translocation)^- 71H§}jl, ^iHl ^3 S.^# 

-fj-H.*}^ ^3: ^i 1 ^ ^S(signal transduction pathway)!! ll^f^ 

^ tgrihg; ^^(Quail, P. H. Curr. Opin. Cell. Biol,. 

14:180-188, 2002; Fankhauser, C. & Chory, J. Curr. Biol., 9:R123-R126, 1999). 
°fl7R>t|loTH^ phyA, phyB, phyC, phyD ^ phyES. a^|£]^r 57>x]o] 3)^3.^- o] 
9X^± M.5L5\5L ^(Neff, M. M., et al., Genes Dev., 14:257-271, 2000; 

Quail, P. H. Curr. Opin. Cell. Biol,. 14:180-188, 2002). 

^l^^o] 3.7)7} 116-127 kDa (apoprotein)^ o] 

°11 ^-fr^^-O-S. ^^5]^r ^SH-SS-^^Kphytochromobillin)^^^ ^ ^lH^r 

^^r^^Ktetrapyrrole chromophore)5. ^^^j^H !&i^-(Quai 1 , P. H. Curr. 
Opin. Cell. Biol,. 14:180-188, 2002; Gyula, P. et al . , Curr. Opin. Plant 
Biol., 6:446-452, 2003). s)Saf2l Pr^^ Pfr^S 

^91 vrSL -QSL^Q (reversible light-induced interconversion)-S- lk ^ 91^ 
=i$] 7)91^. ^saf (monomer )^r 

Jl^^l?l^r N-^^Et £^ < ?l(~70kDa), ^S^iLS. ^r^-fr $1*1 Jffl 

(hinge region)# ^f-Sfl C-^^ £.nfl<?I ^s\o] oiuj-. ^> 7 ] N _inv^ £ 

*)1<?1 0 1 ^ #*l§Kr 7)^ ^1t4. atr, ^^S. 1^ C- 1 ^ J£*H<?I 
(~55kDa)^ ^UL^^K signal transfer)^ ^§Rr ^^.S. l3;3^T}(Quai 1 , P. H. 
Curr. Opin. Cell. Biol,. 14:180-188, 2002; Gyula, P. et al . , Curr. Opin. 
Plant Biol., 6:446-452, 2003). #7] O^^Er ^ ^ 
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(regulatory core region) ^r^Hl *r Per -Ant -Sim (PAS) S.E]H# 7fX|ji 

91^. PAS ^ (sensory protein)^ ^^-^r^ 

-S-Jl^-g- ^ °I vfl ?l^fM?11 0 l^( inter -domain communication)^] ?M ^ 

o.S 5U^f. *flS^- sjsaf AS ol-g-tr ^sfl c- 

£.tifloi6l A-fl^/^efl tfHfl^ ^I^rSl-jL^(serine/threonine protein 

kinase)^ %^^r iL-fKl-JI 5U^-°1 S-jI € «r $l^r(Yeh, K. C. & Lagarias, J. C. 
Proc. Natl. Acad. Sci . U.S.A. 95:13976-13981, 1998; Fankhauser, C. et al . , 
Science, 284:1539-1541, 1999). 5E*h ^^HMH ^fl |£S)r s]£afs] %- 
°l A ^5r(photo-isomerization)^r *k l^^l ^-g-^l^] 

(rhodopsin)(Maeda, T. a/. , /'rc^. Ate^//?. £ye Ates., 22:417-434, 2003; 
Vishnivetskiy, S. A. et al . , J. Biol. Chem., 275:41049-41057, 2000)^ 

tfl6fl^ S^o]^! 7]^?\} 0 }^ ^Sfl ^1 t£S}-# 
S-o] T£g).o] A)Jr^r w-x} rfl o] yj- ;*}--§- ofl o) §fl ^ 

(reversible phosphorylat ion/dephosphorylat ion)°11 S^S]^- ^^-S. ^^5] 

<H*l-a. ^rf. nam, ^l^tr ^ Stfe ^3j.ofl3E. ^saf^l 
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<38> ©H ^ ^3 slsafs] % ^i 1 ^ 7]^- 31 ^ Afls.£ 

p]^a> jni^ a o v 7 ] o>p1^a]- X\<£3\. *\°]5L 70% ©1^-Sl 5fe 

A> A] <g-g- -SrBl^. #5l^Hl=# ^l^r*^. 

<41> a«]r, ^^^r ^"71 §e|^ElH.# ^JlSl-sl-^ ^7lA|<g 4>7] ^71^ 

<42> £ 4 V 7l #SlTf#5ll^-Bl^S S^Rr *|B|# ^^J-. 

<43> £r A oM ^fl^ ^)Bl# S^Rr afl^^t]-. 

<44> a-?]:, ^^^r ^il^Jl AS g.*] $\ ^ ^l i^t ^ jg e| H-H 

^ ^11-^lS- *HS«Rr «o Vl ^^ ^l^W. 
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<45 > ^*3£r ^^.^.S. 42] 1-138^ o>t3]^a> *\<£^ <#S.^}kr W^iTWd)^. 

E]il# ifls. £<^Rr 5E^Rr ^1-^1 (dwarf plant )•& ^l^f^r 

^■W^Sl^b., o]s-o^ sfe -a-s.*fl-& o]-g-*M ^isa.^ ^ ^ 

<47> ^<g^1J: 4-2] 1-138^1 °H *]<g4|- 2j\£.i)-§i-^ §s]^B)H. 5E 

9lsS)-§>^r #5]^f#5fl^.B]iE.# o]-g-^ 2fl ^(dwarfism) -fMJ" 

<48 > M-0>7h A oM #S]^H]H.# SUL^Rr #5] Tf#3l-2-^ o]-g- 



<49> 6]*>, Ir^-i: ^Ml^l ^l^tr 1 ^-. 

<50> #3: ^-g-sHr ^l^r? 13:^^ PAPP5# ^ll^ftcf. 

#7l PAPP5^r ^5^ ^l^l/^iBfl^.>d #9l<4-Sl-S.^(PP5)5l ^#^1^, 32] N- 

^cH^ 37fl2] TPRCtetratricopeptide repeats) 2.Ej=7> ^^^^cfl, ^7} TPR^ 

A o v S ^tr*}. #^2] PAPP52] C- 1 ^^ ^^l^rSr 

2.^ H-Bfvflx^-. 4>7l 3L4i ^.^^^(okadaic acidHl 2]sfl ejafl 

5] JL, tirtflS. o}5]-7l^Karachidonic acidHl 2] sfl ^sli}. o]^ ^ PAPP52] 
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iHS^r N-^^r^l ^^S}^ TPR S-rrl] o|c>|l £\is\- ^S-^^sJ Tg^ofl o] sfl 
^rCf. #7] PAPP5fe *}7><y^s|-^. 3) £3.^-8: ^^sW^ 7>*1 

^, tS- Pfr^^l t^SM 

^^H^l 7]^^ ^« JEW^. "7] ^^j ^^1-" <>m °}^^^ 

70%, 4#^l*l-^l^r 80%, -M-Cf tij-EJ-^j §1-711^ 90% ^l^ *\ ^ ^r^^H 5fe 

A J-7l 7l^^ ^#<^, #<^, ^i^^is 45. S^s}^ 0} 

€ °H t Af i^^x|7l- °1 ol-nl^AVoj tlj- eJ-^j §1-711 ^. 

^Isj-olrl-. ^I^l itr^*}^ < 5 "MH^>.&] M-^r^ ^l^r-2] T^^-^f ^tj-; xl 

h o V^ o>Tnl^A>( Gly) Ala> Pro); o>pl^A]-(ne, Leu, Val), «o v ^ ^iH^V 

(Phe, Tyr, Trp), <>HH<4 (Asp, Glu), <g7]s§ o^I^a]- ( His> LyS; Argi 

Gin, Asn) ^ W-fr °M H^KCys , Met). o>*l H<±Sl §1-711^ PAPP5 

$] ^jsl ^jofl ^ ^r^^l Y^l ^lt4. £ *W ^r^^^l 

HV^tt 7l^^] ^I^Ui 4^H 1-138^1 oVul^A}-oi ^sI^bIh. 

<a *r &i=h -#71 ^ #5^BlH<*f PAPP5^r 77.8%^ 
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^o) ^^3gB] = i- <y-^§)-§>i- ^fls^- «n^^l ^€"^1 £|3fl ^1 

sfl *r^-€ 5^. Wr^^fl^ ^^l^-i^C^raZj/abps/s thai /ana) S.^] ^€ 

<53> JE*V, >3"7l PAPP5 ^ 7]^^ ^jLJ^Rr ^Ht^: ^ 

#5l^rr#efl^.B]H.# x-fl^^rf. 4V7I tt #^1^.H] H.^ DNA, cDNA ^ RNA ^<g# 

<54> ^ #^#31-2.^ J^b ^ ^^6fl ^-^7>^Sl-7fl *r 9.M. 

"^Hf 7f^§>7fl <£^€^f(operably linked)" ^ ^rM^ ^ ^ 

-=r ^fr^. i£?r, 2:^ ^-i K express ion control sequence)" °] & ^-^«r 

^lS^l^i 7\^\A] ^^r ^t^l ^A^r S^§Kr DNA ^1^1: 

*l^f. ^^># 7fl a] §1-71 HS2-Ei (promoter), 

^^}7] ^S]Sl ^.sleflolE-l (operator) ^<g, a]^-*]; mRNA eliL# 

<55> If^oll 1X|-^ #elTT#^l^.Bl^ir ifl ofl 9X^ . ^ 7l 
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^ ^ ^^1 #SlTT#efl^-E]H.7f ^ $l^r ^ 3H1 

til-eJ-^] §1-7]1 p NB96 ^Hrli SX^ . 

^ofl §Sl^#ell^.B)3L# 5E^Rr 711 ^Blir ^ 3H1 

^ ?l«fl^S. 3^ tfl^^j- ^ ^«HlX<H ^ $1^-. Hl-^ §1-711 ^ All 

^ll^ll ^§ ^^^r^ (Agrobacterium -mediated transformation), =fr w 

(particle gun bombardment), ^sl^- ^!;Jil-§r -rl ^?1 (Si 1 icon carbide whiskers), 
2,^-3)- ^e] (sonication) , ^71 ^i^ 1 ^ (electroporat ion) ^ 

PEG(Polyethylenglycol)°fl ^-g-^" *r $l^f. ^ ^ 

o) ^ll^^j- ^jBlS ^^^l^^l ^1S# ^l^ftrl-. 4>7l x-llx^.^ 3L3L, ^1# ^lasf 
^3-^ tfl^^- a-H^^I- ^l«flA-lls 7 i. s^-^cl-. 

£ PAPP5# ^jLS^Kr #SlTT#5fl O.ElH.1- ^1#*11 ^^_X\ 

^ S>7l*l ^:7ll# S^r^tf: 
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<58> (a) £r PAPP5# ^5]-^ ^7H<g.g- ^ ^- # ^o_^ 

<59> (b) S^Kr ^711. 

5J-^]§>Cf. ^>7l ^ofl Aj-g-^ ^ oli^ ^ ^B]S.^ -fh^7}*] 

-fr£§Kr HS.3LBl(ofl: CaMV 35S HSSBl)7[ SE^-EM 9X^= ^^7} u}^ ^ €\-t\- m 

n oflS.^- pNB96 ^)Bl7> ^7HA| "^^"olej, o>^j ^ 

^ -fr^M" ^ °- *W 

<61> i£*t, ^ #71 «o V ^^-5. ^12^1 ^^^^r ^l^^Cf. <#7] 



u o Vl ^Ml ^lS^. PAPP5# ^]#^l^r % US. ^iHl ^^Kl^ ^ 

# 5Hr^f. ^, °>^^M1 til^fl *>-§-( continuous red 

light-high irradiance response; Rc-HIR) ^ ^l^r^^I ^spS" i£-g- 
(continuous far-red light-high irradiance response; FRc-HIR)°ll rfl5V<s] ^tf) tfl 
^^S] §>yfl^(hypocotyl)°l t^M^r (de-et iolat ion)^ 

M-Hf^rf. a«t B°fl ^sfl c fl7fl ^-g^ "End-Of-Day Far- 

Red(EOD-FR)" ^Hr^r ^£3.^ A°ll ^l^fl nfl7flsl^ ^-§-^1 £r£^l ^(anthocyanin)^ 
S^o] 6>^^ofl tijsfl 7j-§V7ll M-Ef^cf. #71 PAPP5 ^#*H^r % 
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<62> oY&tf, ¥r PAPP55] <g^- QS.^}— 7f#5ll-$.B] ^ 

4t^^l ? J^ $fl^ ^#*H (dwarf plant)* ^2:*Hr y o v ^* ^ 
*ttl. ^K 7 ! 5 ! X^-*H}: 

<63> (a) ^<l*iJL 45] 1-1385] o]-pl^Al A^^g- oj-^isj-s]-^ ^^-s^^^cs 

<64> (b) ^-71 ^#*fl iflS. 5L^Sl^ tlTll. 

<65> ^-7] §e]^f#5ll^.E]H.^ ^- H-^ofl ttj-E PAPP55] TPR S-nfloi^- <y-jL S^t}. 

yl3J-^]§>7ll^ 40] l-1386fl gflTg-^j-^ oj-Pl^XJ- <y-Jl5)-§l-^ ^7] A] 

pNB96 «3]B|# A}-g-*v. ^ oj-n^MT-Bfls] nfl 7 fl ^j^^^r A}-g-^ ^ 

^ ^^]jzf ^7}# ^l^flcf. 4>7l «^ TPR £^01^^}-^ ^^^1 

% oVS^ofl til^M ^^(shorter height), ^l^(mult iple 

shoots), ^ ^^(floral shoot internodes) 5fl^ (dwarf 

phenotype)^: M-Bf^fltl. 
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(dicotyledonous plant) ^r^l-'w ^IKmonocotyledonous plant)?! 91^. 

tfl^f-, 0 fl7l^-ufl, rf-yfl, 71-x], ji^, £n> 

E, *ti^, -M, °<J=*fl^, ^ 6 >, nil, ^T7l, 

<67> ^-^1 nq-s PAPP5^ s)S.3.-§- ^13: ^liHl cfyfl^j^Al , 5^£a 

^ A ^ J2^> ^S. ^-g-tb^. PAPP5Sf ^rS. ^ 

^- ^-g^i. PAPP5-2] N-^T^oll ^*l§Rr TPR £*lltl 0 l PAPP5^1 C- 1 ^ 

S^l^l^r H-^I^r^-Sl^ %^i^k ^lVl^-. PAPPP5^ ^j-^^Sj-^l Pfr^^l s)saf 

ofl ^§}<^ IHI^-^M, ^l-^l^si-^. i^^^W?!^ xjq 

3L 91^. PAPP5 I£^r °1 ^ 0 1# ^^Sj-^^ 

Tr#efl^.B]H., oj-g-o} -frS^ll- °l-g-SH sl^a.^ ^ ^ 

7>^ -fr^S ^-^§1-7^- 2^ ^-71 -^^7>#5] <H^f^ a-^j SLS. §M t}^- ^ 

#*1HH ^ 4r A l- Tr^^}^ ^ $J,x^. S*!r, PAPP5 ■rv'^A^ 

^-S ^§Rr M 5£^r ^-7} -fr^h^ #€^r ^^r Sf^Rr ^ 

Bj-Afl^- ^ PAPP5 iE^r <**fl %^§|-§Rr 
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*r $1^-. ^-7] Tr^r, ^r^^ ^ Sf«Mr^(chemical)# 3. 

fr^h ^-^^ ^?1HA| ^tiV^j^S. ^}-g-5]^r cDNA eMjie|e| , 
BACCbacterial artificial chromosome) DNA ^ , ^ , ir^-JLi: <S 

^^(PCR), ^ tit-g-(ELISA) , 2-D ^ 

JL5. ^ a]^^ 2!^- o^AfloKin vitro binding 

assay)!- X^-§Rr tp<Hr H o v ^°-3. ^*J€ *r $1 , °H1 ^ltt^ ^ 

<68> ^ #^2] PAPP5-2] TPR £^o]^ ^-7} 7)3i\??\; Qo] 

A o^ ^ ^--g-ofl ^<*m & °>Mer ^#^1 ^#2] Sfld^ 

(dwarf ism)# -frlfW. TPR H^l^ ^f^o) ai^-o] £fl^## ^-tt^fe 

^d\}*\ fl-^^I ^°l^r. ^1-^ ^>7l TPR £^1^ 5fl^# 

-fr^ ^-^^r a}%& ^ o}t}. ^, PAPP5 TPR JE^-y^ ^-^^ 

i&ir #^!§>7-m- 4>7l TPR H^^- 4 V JL ^-g-^M ^#^1 Sfl^## 5£ 

<70> (a) ^1^*1 J: 4^1 o^I^av o]Q ^o]^ 70% ojA o >o] ^-^^ ^ 
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<71> (b) #7] ^ «]b^# x-flsofl £<y§Rr #711; 

<?2> (c) nfl^M ^-^}o_^=# ^a]^ #711; ^ 

<73> (d) -Ml 5. ufl^ofl o_g.JfE-l T^w-fl^^: S^^Rr #7fl . 



t£^ A-^i^Jr 4oflA-l 1-138^) °H t A] A| «g o] ^Ajs} ^ Bj ^jLi^^ # 

— Aj^Bfl^- o]-g.§]-^ ofl^^tfl cDNA ^ °1 &| iael 
^*>^^. °1 Bfl HflolH(bait)S.>H z\^3.^r A^l ^ C DNA# A>-g- §V 53 tf( 5. 1 % 

\d 1 t < a^S|-S.^(PP5)^ H^eHr ^ PP5s^r 
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N-^cHl ^«fl^-^wfl^ ^-S^-^-^l ?t<^§>^ 3-47fl^] TPR(tetratricopeptide 
repeat)!- 7}x] (Das , A. K. , et al . , EMBO J . , 17:1192-1199, 1998; Skinner, 
J. et al., J. Biol. Chem. , 272:22464-22471, 1997; Ollendorff, V. et al., J. 
Biol. Chem., 272:32011-32018, 1998; Chinkers, M. Trends Endocrinol. Metab. , 
12:28-32, 2001), ^7) M-^l N-ll^^S. 37fl5] TPRS. 

°1 ^7fl§l^r}(£ 2 ^ £ 3 #S). ^"71 M-s] c-^M*r ^\M/^}Sl^ 

sflEl^r ^I(-SAPNC-)^ Ji^sH $l^^r(S. 3 ^^>#^- #7l -id^ 

' /^/^(phytochrome-a ssociated protein phosphatase 5)'Sr ^ ^ ^r$t 

<76> -*§ (In vivo) ^ 7^]^^ tfl(/n vitro) ^^-^^l ^S. ^ ^^f, 

a. ngj-^o} PAPP5^r ^£3.^-^4- ^-g-^^CS. 4 ^ £. 5 

%^), ^7) PAPP55] N-^^Hl ^7\\is}^ TPR H^l^l ?H §Rr ?A°- 

S. ^- 91 s\ 9X^(5- 6 #20 . Ir'y^il-S.^^ ^til^^l -f7] 71^3 <y sj-e]~oi 

p -NPPH1 tflft PAPP5^ #^^r ^a}*! ^sf, IfS^Bfl^*!: ^ 

S ^^-(allosteric conformational change)^ $l^^°d 5fe*4^r 7j-70.g- 

^(S. 7 #2), ^l^r ^-7} TPR S^l^l 7>7l^^l(autoinhibitory region)^ lr 

<77> a«l, PAPP5^ tfloflA-^ t^V^I^S)-^ ^^g^^g- Jq-§-^o_s. ir^^lS]- 
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11 #3). PAPP5°il S]*r 3)SH.^ f^^S} €^r£r tS Pfr^MH 

M-Bf^. A oM ^*fl tfl ^ tfl ^^Rr PAPP57]- S)S3.^1 nfl 

7fl£]Tr ■% ^ S-(phytochrome-mediated light signalling pathways)^! 3:^^} 

efe -51 -i: ^Hth^f. 5£«r, PAPP57> &ot[ Sj-^ 7l^^<y sjEafS] ^l^tSl-/#^l^l: 

51-71- ^ slsaf^i] Dfl 7 fl5q^ % ^Ul^C light 

signal transduction)^ S^H fli> ^iHr ^r^^ ^-i: *IMth=r. 

<78> ^^^1 ^HHH ^ PAPP5-2] N- 1 ^^ ll^I ^ < S^°1^1 tr^^r 

5j-5L^ Ir^-i: ^}^r ^^r, PAPP5^ N-^^ ll^J Ih ^ °1 7]- ^^^VSl-SL^ % A <$Sr 

<79> PP5s^l % < y^>S}SL4i %^^r ^V&M^-^Hl <^sfl ^^1^1^ IJ:^^ 

(Das, A. K. , etal., EMBOJ., 17:1192-1199, 1998; Skinner, J. et al . , /. 
Biol. Chem., 272:22464-22471, 1997; Ollendorff, V. etal., J. Biol. Chem. , 
272:32011-32018, 1998; Chinkers, M. Trends Endocrinol. Metab. , 12:28-32, 
2001), ^l-el^l^Hl PAPP5^1 4r£# S^f^tl. zl ^^f, 

PAPP55] It^I^tSI-Jl^ lH EEff ole}^ 5] sfl ^ -8-5.^^ ^ 

7^| C ^-S). PAPP5-2] N-^TEl ^ ^^l^r ^ 

sfl PAPP55] #y^l-S]-5:di ^1-7^-, iicf ^ q. 
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<80> 1k*32) IE ^HH1>|^ PAPP5 ^-<^>^ ^l^l^r PAPP5 ^^^1 

ojs.^ Rc-HIR ^ FRc-HIR S^^^: ^a>§1-^t^. h ^34, PAPP5 

$i^.^(3E. 9 %3^), %-9rS. SS-^ ( 1 ight- induced hook opening) ^ 7}^ 

^r&l (cotyledon separation)^ a}<^ -il^K cotyledon expansion), 

^51 A 7flsl-(early flowering)# ^ Sl&^K^^r ^1^1). 

PAPP5 ^^-^l^r *>^^oll til^fl SViafl^ S^l^ M-Bf^o.^ 

(S. 9 %^.), B^ll ^sfl nfl7fl£]ir "End-Of-Day Far -Red ( EOD-FR ) " 

jqSH.^- A^l slsfl n]]7flEl^ «hg-<?l <?l£^l °Kanthocyanin)^ ^^o] y^-g} 
7\] M-Bf^cl-C^azl- vjI^aI). o]^*j- PAPP57]- ^E3f A ^ ^ £3.^- B ^1 

JL ^) S.(signal 1 ing pathway) S^^Kposi t ive regulator )S-*\ 7}^r~s\;~c\- 

<8i> cf€- ^HHH^ PAPP5S1 TPR ^^-^ d| SaV§1-71 ^ 

*>°i -t-^ Ir^L^ 0 ! (dominant negative mutation)^! ^ -fr^ S?-^ (reverse 

genetics) ^-g-^r^ 1 ^. ^«fl, PAPP5^ TPR £ *fl o] ( ^ <g «] ^ 4^ x _ 

n 11 TPR ^^^i ^\MrH^ *H1 E I%1 a^^^f -rr A r , & 5. 

M-ef^^ 0.0^ ( ^Kshort height), A^r$\ ^l^dnult iple shoots) ^ 
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2£ ^2: ^^(floral shoot internodes)2] fifl^ i+Ej-ifl&tl-. 



<83> §1-71 ^H^r ofl^^- ^ T^rgc] tfl-g-ol §1-71 ^ 

X\d\}6\] ^5)^ ^ ^>M^. 
<84> <^*l°fl 1> 

<85> JL5L *Li£|H. ^3.^^ (yeast two-hybrid screening) 

<86> ^ ^ 3lS3.#^l ^*Kr ^^-8: ^*>7l JL2. 2-§r°l 



JLelH. A l — ^3 ( DupLEX-A , OriGene Techno logies)# ^-g-^^^f. ^ , ^?1H1 

«o V ^°ll ^ 3^ oflyl^-^^W-Bl cDNA 5f<*l W. 5] # *|) 3]- §j- o| _ zj- 

cDNA ^-i: pJG4-5 l-^^^l H. (Or iGene Technologies)^ 'SHJSrSWHiSMCprey) 
^flS). tifl 6 lH(bait)^ pGilda(0r iGene Technologies)^ LexA-DNA £ 

nfloioill ^£3.^ A3] -fr^x}^ < £^*'M ^l^«r^lCr(S. 1 %S). ^1# 

PHYA cDNA #€r^S.^-Bl ^l^iJi 1 % ^<1«IJL 25. S^sl^r H^HS A>-g-s> 

^ si £3.^- A #5.^1-534. °1 «fl PCR 94°C°1H 5^ ^ 

DNA# ^ 94°C<>1H 30^; 50 o C<^H 30s; ^ 72°C<^H 2-g- 30^^1 

% A>oj-a^. s]-^ ^ 35sl yV^- cf-S-, 72°C°1H 15-gr «];-§- *1 7l 

S^i^-S. ^^s-V^i^f. °1^, pSH18-34 e)SBl ^-e^Til h.7> EGY48 JL2. 
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v\3.tf (Or i Gene Technologies)!- <#7] °fl7l3|-tfl cDNA S^Rr H^H 

Q phya -fr*i*Hl- HflolHS. ^^^W^^r. =#7 x io 6 7fl^l n-s. 

150711 SI tS^t 

<87> <^^H1 2> 

<88> M-^ ^7lA^ &q 

1-51^*1 ^-s]*V ^, Z| cDNA #€r^ ^<g.g- ^fs^i}. ofl 7 )^- 

tfl 711^ cfl o] e-1 tifl o] it °l-g-*M ^^c^ 3 cDNA 

ir *>M-7> 2*1 ^^j^o] BAC F14N2251 F7D19 -tfs] T^jzf 

Sl^St*}-. cDNA ^^f, 4 v 7l cDNA #€r^l ^ x] ^ <?>°ll 137]] 

o] oJJ^zJ- 127fl^| SlS^o] ^7fl§V^ ^(S. 2 4847fl^| o>p]^a>^- oj-JrSj- 

§r^r §fl^^(0pen Reading Frame; 0RF)7l S^r^H 5l^r ^^.5. ^-o]5]^i^-. 
5E*r, n ^-7>^ 54kDaS ^sq&t}-. ^h^Q o\v]h=.# NCBI BLASTS. & 

#7] cDNA fso S tLBl ^Jc^S]^ ^ «^ 3 f^H fl-^Jg 

T^wfl^o| o>p1^a> A-]<g^- cf^ c^s] ^ pp 5s 5|- ^-^^(pairwise alignment)*!: 
^(S. 3 ^-S), ^ identity)*! 50-57% <>1 , C~ u ^ ^ ^*\}9l£r 
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(similarity)^ 70% ^R^S ^fl-f fe&i}. 

HS.A>ol_E( PR0 SITE) ^ ^4", PP5s°ilAi ^€ 

TPR(tetratricopeptide repeat)°l ^7} ^^^l N-^^^l ^fl§l-Jl &-g-8: ^r9l^\ 

JL4^ #^M1 S. H ( -GDXHGQ- , -GDXVXRG- ^ -RGNHE-)7 r SE^EM oioj 

4(£ 3 ^7] 37flsl 2.Blss.o_ #nfl^--g-(catalysis), 7]^ ^1^- 

^ ^r°l£: ^^Hl ^A*V ^-(Ollendorff, V. et al . , J. Biol. 

Chem., 272: 32011-32018, 1998). 5&?r 4 V 7] ^^5] O^ 1 ^ ^\^\°A ^} Tg^ 
§>°i S.^lr^^r T^sfl^l-^ ^^1^1 <g( C onsensus sequence) 91 

'SAPNYC (Ollendorff, V. et al . , J. Biol. Chem., 272:32011-32018, 1998)^: S.^r 

^ #^l^SrJL^# ^ss!-^ 7A^r tl^lr $13}^. 

^ ^a}^^ ^ 0 >7l cDNA '/^/^(phytochrome-a ssociated p rotein 

phosphatase 5)' 51 ^^rSi^r. #7l PAPP5$] ^.^r cDNA <$7}A]<g_^ ^ 
^5]^r o>Pl^Al A^^- A^tfJJr 3 ^ ^1^31 45. ^ 7l7flS>^cf. 

1-^3 ^ ll^K ^"71 PAPP5$\ cDNA^r ^i^l ^ 2kb 3.71 ^ 

^-<g ^A}^ -frA}^ ^-<?]5q^O_^, A^ ^-^ «-A^ ^SflA^ 

PAPP57\ (single copy) -fr^Ar^* 
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<93> <"M*l«fl 3> 

<94> PAPP55]- JS]£af 7\ S&JL *)--g-£| ^°]S§ 

<95> pGilda pJG4-5 «?b| (Or iGene Technologies)!- °l-g-o>^ HelH^r ^ 

SPINDLY(SPY)(Jacobsen, S. E. , ef ai. , v^roc. Natl. Acad. Sci. U.S.A. 93:9292- 
9296, 1996)1- °l-g-o>^cf. ^.n> cs>iJ|e|. t Hell ©1/flfl ©1 H# Wr^M 31*11 3 SI 

w o Vl ^ (reciprocal method) ^*A*kA ^t^^ ^#§>^x^. aflS^I H^H^ SIM 
H# pSH18-34 elSBl l-ef^l = ( Or iGene Technologies)^- ^Hl EGY48 
(OriGene Techno logies)°ll -o-§- S-tl ^r^^f. X-gal(5-bromo-4-chloro-3- 
indolyl-|3 -D-galactopyranoside; Rose Scientific Ltd.)# -SL^r^r^- flfl^HM ^ 
^WIM: ^i^rSi 1 }. Leu ll^ sfl *1 (Leu-drop out media) ^ X-gal nfl*l *J 
#511 o]e ^j^- £H<4 (plate-growth assay)# ^r^S^r^^. 

<96> H PAPP5^r HCV^l NS5A(N)Tar^^2l-^r ^>Jl^f-g-§l- x l , l7l^> 

tfl 5lS3.^ AS?1- ^-o]^ o_^. 41-jr ^ 3)-g-e>^ ^ ^-^Ilr ^ &&t}(S. 4 
Cll:<H, TPR £^01^- 7>X|JI $I^r ^^Si SPY^r 

^3:^-8-^^1 ^ Ji*} PAPP5^1- ^£3.^- *fl-f ^M^oj 

'e ta in s a T MM 1 -!. 
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<97> <^^H1 4> 

<98> ^1"^^: HfJ" Htmin vitro binding assay) 

<99> <4-l> GST-PAPP5 -S-^- ^-^ ^ 3j*fl 

<ioo> PAPP5Sf si) Eaf Al^^ vfl ^-^xj-g-^- saV§1-71 ^§H, PGEX4T-1 ^ 

Bi (Amersham Pharmacia Biotech.)* ol-g-§M PAPP5^ ^^]7]7] ^B] 

<^ PAPP5%- °1 ^ PCR *>-§-^ 94 °C ^1^1 5^- ^ DNA«- *1 

94°C°1H 30^; 50°C°1H 30^; ^ 72°C°1H % ^r°l 

#5. §H # 30S] ^ ^^J*r tf-g-, 72°C^H 10^: ^91 ^-§-^1^1^ ^^-S- 

^r^ 1 }. PCR ^#^r pGEX4T-l ^ B| (Amersham Pharmacia Biotec 

h.H #^.^§1-^^. PAPPm i^Rr A^lk ^^-^ BL214I S^S}^^. 

H^Mll- ImM IPTG^ ^-7)1 ufl^H GST-PAPP5 -g-^ ^r^^^: #^1^. ^ 

M GST-PAPP5 ^^}# ^f-Ef*l 4B = (Amersham Pharmacia 

Biotech)* <=>l-g-§H ^ ^l*>^^r( Skinner , J. et al . , J. Biol. Chem. , 272:22464- 
22471, 1997). ^^3^8: ^l^l ^§r^, GST-PAPP5 -g-^- 

# 50mM Tris-Hcl pH8.0, 4mM MnCl 2 , 0.1% ^-^^-m^l^3r# ^ lOmM ^^Ef^l^^ 

S^Rr SHhg-^S ^-#§>^^f. °]^, 25% ImM EGTA, 0.1% P -^l^ 

m^l 1 ^, 20mM Tris-HCl pH7.6 ^ 4mM MgCl 2 # 4°C°TH §h*^ M 
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*>^^-. ^€ £:*H A>-g-^ Ttfl^x] -20°Cofl^i a-W^^. 
<ioi> <4-2> PHYA ^ PHYB 

<102> ^ ^>/^^ A]^^^ o]-g-§]-c^ oflyl^-cfl ulsa.^- A^r B^l 4iS 

SBfl<atl PHYA ^ PHYB-H 

<i03> ^1^?3: PHYA^l ^sfl, ^i^S 7 ^ ^il^Jl 2S. 7l ^fl 

^}-*Rr PHYA^l ^i^- cDNAH PCRS. ^^^uf. o] tcfl pgr «Hr^ 94°C^H 5^- ^ 
91 ^ DNAS ^ ^^^1^1 94°C<^H 30^; 50°C^l^i 30^; ^ 72°C^H 2^- 

30S^>^ ft *r°l#S- *M # 302] «]r4 ^-g-, 72°C°TH 10-g- ^<?> 

^-g-^lfe ^r^srl-^cf. PCR ^r## pTriEx-1 

(Novagen)^l BanR\-Xho\ Jf^H 'SHJsH PHYA^l ^fQ-& ^Hfb ^Bj-t- 

^ls§>^i4. PHYB^I ^«fl 8 ^ ^^jr 7]^m^ S. 

^l°lf ol-g-^M /^al-^i^ PHYB cDNA-feo52I3] a-^^ 7^1^ PCR ^>#^r 
^hSi^f. pTriEx-1 «J]Ei<2] fe/zHI-JM Jf^H PHYB^l 

35 

AA ^HH ^*h^^. °1 «fl TnT ^U}/*] 

03 a] ^^(reticulocyte TnT transcription/translation system; Promega)-=r 
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<i04> <4-3> ifl ^fj- 

<105> #71 <4-l>°TH afl^tr GST-PAPP5 -g-^- l^g^f #7l 

<4-2>°fl*1 ;*)lS^r z| TnT 10/^# ^-sflS.^ (protease 

inhibitor, Complete, Roche Diagnostics GmbfD^r £HtH§-^(20mM Tris- 

HC1, pH7.5, 150inN NaCl , ImM dithiothreitol , 0.1% Tween 20) O.3m0°fl 

s-^Ef^l^- ^lsf-S-S 4B tilH.(Amersham Pharmacia Biotech. AB)# c| ^7j-«l 
3s STiiLS l^>m ^r-g-^l^cf. €^£-2} -f , #§-^ iL 

^}3L, 3g 35 (Afl 3^-5.2. lmZ$) 3r^-g- ^ 3S| A-fl^s^x}. 

^-5] (fraction)^: 10% o}^o}v)iL7} ^7}& SDS-PAGE ^5. 
^cf. o]«l ? FLA-2000R °H*1 ^7l(Fuji Photo Film)# ^l-g-^M 

<106> n ^2]-, PAPP57J- ofl 7 j^o| A ^ £af B ll^-sRr 

^ 7WJ1 o^o. SJ-O]^ ^ ^^rf(S. 5 

<107> <-£I*Hl 5> 

<i<)8> PAPP5^1 TPR S^l^l^f 3r|S3^- SA> 

<I09> ^ Tgl^S] PAPP51- PP5s-&^ ^ el 7fl£] TPRsS. s_^-^t n- 
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A^ ^QSr S.^}jl $.\~ PP1/PP2 A^ rmv]<q. ^Ti^cf. TPR SL 

E]H#^ ^ffl^ i-R4(amphipathic helices)* ^*Kr A°-S- ^g^M, A^ 
*j_£-i3fl2j ^i-j^.g.o. nflyflsl^ UB^cKDas, A. K. , et al . , EMBO J . , 

17:1192-1199, 1998; Skinner, J. et al . , /. Biol. Chem. , 272:22464-22471, 
1997; Ollendorff, V. et al . , J. Biol. Chem., 272:32011-32018, 1998; Chinkers, 
M. Trends Endocrinol. Metab. , 12:28-32, 2001). trle^ , ^ ofl xx\-^ PAPP5 
5f &A ^ ^^HMl TPRo] §1^x1 ^o>^7l ^§H, 

(pull -down assay)^f JLS. 2-*M Us] E. ^J:3|-g- ^ *J *r & . 



<no> <5-l> 

<m> ^>7l <4-l>3f ^<H«1 y 0 v ^Ml Ofer pGEX4T-l &m (Amershara Pharmacia 

Biotech)# ^i<t^ls 4°] 1-138^] o>p1 a^s. ^ji^^ PAPP5^1 TPR 

S.pflo](N-^H& E.tf)lo];GST-TPR) ^ ^<*«JJ: 4<Hl^i 1-138^1 o>p1^a]- X\<*o] 
€ PAPP5S) PP2A 3L4i E^CC- 1 ^ Eofl<>l; GST-PP2Ac)# ^flS^- 

# AA AAA^A. 

<ii2> PAPP5^1 TPR E-^jo]^ 5 ^3 >|<giaj3: 10EE. S^S]^ H5r°H# 

d l-8-*H PCRS ^A^A. PCR til-g-^ 94°C<>1H 5^- ^% DNA« ^ 

?1 ^, 94°C°1H 30s; 50°C°11*| 30s; ^ 72 0 C<>1H l-g-^SI *1 a>o]ss. 

*H * 30^ n^Str i=hg- f 72°C^^i 10^- i£:-§-*l7l^ ^r*J* r 

3^A. tr^fi, PAPP5-S] PP2A #*fl e^I^I^ ^il^iJ: 6 3! ^^jr lis. S.AA^ 
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HeH^-i- o]-g-§]-^ pcrs. f^-§>^t}-. PCR *>-g-£r 94°C<>TM 5^- ^9} ^ DNA 

# 31 ^, 94 0 c<^l^i 30s; 50°c°lH 30s; ^ 72°c°\)*\ i^-tj-*] a^l* 

*V Afolfg. * 305] ^ ^3*V rf-g-, 72°C<HH 10^- ^<?> ^-g^l^r S7H 

<H3> n ^^f, S. 6A^l^i Ji^r w r ^- TJ-o), GSTSf -g-tMS PAPP5^ TPR £^o](GST- 

TPR)i?>oj tflt!: 71-^1^ 31^.3. SJ-o]£]^cf. o] 

PAPP57> ^-^Hl ^^>fe tf\ TPR H^l^l^l ^W-^ M-^^r 



<ii4> <5-2> JLJSL 2-«M -^(Quantitative yeast 
two-hybrid interaction assay) 

<iis> PAPP5^1 TPR £^11?]^- 7><^ Ti^g- 3]--g-* ^*>7l 

^, PAPP5 TPR ^Dfl^ ^ PAPP5^] PP2A #nfl S^t!^ ^ ^(S^l 

<H6> /™ -^^7} -fr^Hr 4>7l <4-2>5f ^<H*1; nHMl tt|-e|- 

PCR# ^r s S§H ^1^°-^ , pGilda ^ofl ojs. «flo] SS Af^-^l-^rf. 

^lS^l HllolH H^l^ll- pSH18-34 Z]S.B\ 1-51-^^1 = ^ EGY48 3lS. 

^ ^¥ S^^^^-. 0D 600 &<=>1 ^ 0.7°1 € «fl^l 
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ffl^rSi^f. wfl 0 cr€ Z-^^-g-^CSOmM Na 2 HP0 4 , 40mM NaH 2 P0 4 , lOraM KC1, 

ImM MgS0 4 , pH 7.0)°-5. IS] A-fl^^r 3s #7] -§-«^Hl ^^^l^^. ^1 N 2 

mercaptoethanol 0NPG(o-nitrophenyl-{3 -D-gal act opyrano side) -H- -cf- 

0.2% ^ 0.67mg/m£S zj-zf- ^7]-§l-^^. -g-sfl#^: 30^- ^<?r 37°C^i ifr-g-*l^T}. 
^1^, Na 2 C0 3 # 0.3MO.S. ^7V§H ^-§-8: f^l^. 420nm<>IM 

# ^§r$i^, p -^SA] rq-ol-^l ^s] ^(Miller uniOS. ^I^hSt 1 } 

(Miller, J. H. Experiments in Molecular Genet /cs(Cold Spring Harbor 
Laboratory, Cold Spring harbor, New York, 1972)). 

<117> ZL 5. 6B<^H ^.ir w>5f ^1, TPR 3E.nfl^lol PAPP5^ PP2A # 

nfl j^nllo](B42-PP2Ac)^ 3) SaMt^-g- #^M1 tfl^H JL^I" 
q-Ej-ifl&c)-. 4>7l ^^Hr PAPP5^1 TPR i^oio] PAPP5-S] EH^- ^-x r 7>*1 ^Vjr 



<118> <-€^Hl 6> 

<ii9> ^l"!!^ *fl Ir^l^Ir^r^^i %t§ &x$(i n vitro phosphatase assay) 

<120> <6-l> li-?I^]:S)-jLil %S§ ^ 

<i2i> ^ofl tcj-E PAPP57]- Jl4z.«H %s§-6: 7}x}~*\ *£o\2L7] ^*>^, 
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7} 3}-5^-<yA>qHS-5|l^( p -nitrophenyl phosphate! p NPP)^- 7}^_S- Aj~g-§}o^ 
±. ^7} ^X\cS\ <A-l>*\]A\ GST-PAPP5 -g-^- 

30°C°TH 1^- ^o> ojlfs^rf. ofl^^g. jLdi -g-^^r 0-400mM p NPPS Sf^Rr 91 
^t^-S^/l-y^tSl-a^CKP) ^HH^ (20mM Tris-HCl pH7.5, 30mM MgCl 2 , ImM EDTA, 

ImM EGTA, 0.1% |3 -mercaptoethanol , 0.1% ethanol) 100/^1 ^7>SH ^r-§-^r 

A 7}*£ -^S-Ofl^iS] pNPP^l X>^0] 7 j-^«. S fl=- ^A}^}7] ^§j-Cr| Cfl^ 

GST-PAPP5 S4i ^7>§l-xl 30°C°TH 15^ ^-§-^1 ^1 

^, 0.25N NaOH 900/^# ^7]-§H ^r-§-^ ^ ^ *1 ^ 4 . 410nm°lH #^§> 
^x4. 2,-g- ^^^^ tflS^ «>-g-^Sl -r^l# 

^aflt!: ^h, ^eUSS-^ll^H e( p -nitrophenolate) mM Tll^r 

(millimolar extinction coefficient) 17.8-i: o]-g-§l-o^ a] ^§Krate)# ^l^}^^. 
<i22> n ^3zf, S. 7A°11^ H^r ^-©1, pNPP^l #7>*H1 n^ #^1<4- 

S]-Jl^ %^°] ^7\%^r SJ-ojiJ- ^ o)^r 1k*$ W PAPP57]- #^^4- 

S|-Jl^ 4i-^§>J1 M-Bfi^ir <*H 100 uM =-£5] 

«H1*| wHbl: ul^^^-ojl^l ^] (Michael is-Ment en kinetic)°-S Km & 

3\- Vmax Tjl^l*!: ^sf, Km 160mM pNPP°|^JI, Vmax &-£r 22umol Pi 

released/mi n/mg°l 53. 

<i23> <6-2> «>e)-7] ^-^bofl PAPP5£| -frS. ^ 
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<i24> PP5s^l 7}^- ^-H-Bl^l ^-^^r <^}^}^^} $] sfl ^ ^nfl ^(catalytic 

activity) 0 ! -8-2.^1 3H^(Das, A. K. , et al . , EMBO J . , 17:1192-1199, 

1998; Skinner, J. et al . , /. G&dffl. , 272:22464-22471, 1997; Ollendorff, 

V. et al., J. Biol. Chem. , 272:32011-32018, 1998; Chinkers, M. Trends 
Endocrinol. Metab. , 12:28-32, 2001). -g- ^3 °fl PAPP5£] IrSl^^S:^ % 

^o] o>e|- ? l^A>o]i oj§fl S^^-Sl^l lOOmM^I p NPP^l 

*| 0-300 uM ^h^l^M: Mt-g- ^^-#^1 |7f§H A oM -*UH <6-l>3f ^^^Tr y c v 
^ ^1 nr^ a^#^^r ^Sl^tl. 

<i25> n GST-PAPP5^1 Ir^o] oj-e)-^ ^^t^l ^«fl ^H. #7lsl& 

o.^, ole|-7lSA>^ ^5.7}- °f 100uM °1 ^h^l ^-1 ^|rfl JL^I- ^(stationary phas 
e)^l H^>^i=f(S. 7B %dL). 

<i26> a^!r, PP5s^] #*fllr^^ .S^V^^^Hl A l^^r iJHH <^1=1t4ji ilJl 

^ 4 Si^KDas, A. K. , et al., EMBO J., 17:1192-1199, 1998; Skinner, J. et 
al., J. Biol. Chem., 272:22464-22471, 1997; Ollendorff, V. et al . , J. Biol. 
Chem., 272:32011-32018, 1998; Chinkers, M. Trends Endocrinol. Metab., 12:28- 
32, 2001). ^5^, GST-PAPP5S] #<?l^rS]-jL^ tfl*l o.?}^^*] ^sfl a 

2fS ^r^l^^r. ^ ^^f, 3l^%^°1 i£o^ 7^5]^ ^5. IC 50 5nM 
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<127> ^-7} ^^^^ ^"^^1 PAPP57]- Afl^/^SfliVd fir^^^r Jut 

^KfamilyHH PP5 ^>^1-(PP5 subfamily)^ ^}kfr ^^Sr^t}^ # 

<128> <6-3> ^S^Bll^ ^2 Jl^i £4 

<129> X^-^ ^ofl>H ^-e)^ PP5s°ll t\\^ o]y££] <^^-^^\-^o]} ^l§H TPR 2.B]H# 

S.^-*)-^ PP5s^l N-^r^r tSiBfl?] ^-S: ^S]-# M-Bf^fltf^ Al^Joj 

a> $l^(Das, A. K. , et al . , EMBO J . , 17:1192-1199, 1998; Skinner, J. et al . , 
/. Biol. Chem., 272:22464-22471, 1997; Ollendorff, V. et al . , J. Biol. Chem. , 
272:32011-32018, 1998; Chinkers, M. Trends Endocrinol. Metab. , 12:28-32, 

2001). AA^, ^^r^ PAPP551 ^7\9\ 7}7]5l $X^} 

7} GST-PAPP5, GST-TPR ^ GST-PP2Ac^ #£1^:3}- 5:4: ^7} ^ofl 

<6-l>3f ^<H*r H o v ^°ll ttj-Sr ^r^r^^f. °1 «fl p NPP^l ^£^r lOOmMS. §r^^f. 
<i30> n S. 7C°1H life t" r ^f GST-PAPP5^ ^tl^rSra^ ^>>ef 

( 1-138) <>1 ^7-1^ GST-PP2Ac^r o}e|-7l^rSl ^7H1 ^r^l^ 0 ! 
wfl^ GST-PAPP5^ 5ffl ^S. M-Bfi^uf. 

<i3i> ^sf^r PAPP5 ll^^r^-S^ iHM PPSs^f -fr^r^l N-^^r TPR 
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TPR £*H<y°l ^}7l^^l(autoinhibitory region)^ SHIS. 7kx]ji SX^r^r 

^ojx}. 41-71 ^^ S «. E ^ TPR ^tfHojo] PAPP5^ PP2A £^0]^ 



<132> <^^]«fl 7> 

<133> PAPP5^ Ir^^r t^=. 5.^^ 

<134> PAPP57]- 1^ ^1^3.^ nflyfl ^ ^lS^^^l ^ ?H§Rr x l ^T^^-^l £| 

<?r°i, -fi-^Hl tfl^t ^--o>^ 1301*11 ^ PAPP5 °] 

<i35> <7-l> PAPP5 ^- d >^r ^ 

<136> PAPP5 -n-^^H T-DNA ^^l^ IMSM 27fl5] #^^^1^1 ej-°l 

(papp5-l ^ papp5-2)%- =^^ts\<%v\ . 

<137> *r # ^ °1 *1| «£l papp5-l^= Co 1-0 ^MS^HH ^11 S^. 7fl^^ T-DNA ^-<S 1 £ 0 1 

^(separate T-DNA mutagenized population)(SIGnAL T-DNA Express 
(http://signal.salk.edu/cgi-bin/tdnaexpress), Salk Institute Genomic Analysis 

Laboratory) AS. JfB] ^$X^. -#7] ^ <S ^ °1 *1HH T-DNA^r ^1 St intro 

n)o\] #<y^ 8A ^S), papp5-l°] *f-7}^ 

*Knull allele)^ . S ^ <S ^ °1 <?1 papp5-2±= Ws-2 °HS*g°11 

A] x-flssl ^--^ l-^^ol^ll ^^KKrysan, P. J., a/., /Yaztf 11:2283- 
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2290, 1999)^.5.^-^1 ^-e)^ DNA## ^3.^] ^-^rSi^r. ^floJ-i'^l^ T- 

papp5-lA papp5-2 SL^ ^H^l T-DNA7]- 

-frS.^ ^X|^tf. ojjs:, z| 7}^-^ cfl4>o.S. ^Tfl 7-1 ^ 

# iH^^H #^*§ e}^ (homozygous line)# ^I^r^ 1 } . 

(homozygosity)^-^ ^ ^ ^(Southern blot analysis)^- PCRS. ^91 



<I39> <7-2> PAPP5 ^#^11 *fl2: 

<ho> >)<*ttiJr 12 « A^ajJ: 13.2.5. H^H-H °l-g-*r°i PAPP5 cDNA 

# ##*>^^. °1 H PCR *>-§-^ 94 0 C°1H 5^- ^ DNA# # ^^Tj 
94°C°TM 30s; 50°C<^H 30s; ^ 72°C°1H *t Afols^_ gj.^ ^ 
30S] ^ tf-g-, 72°C°\}*] 10^- 7]^ 2zH°-S. ^J^tf. o] 
-f , #^ PCR ^r## 35S CaMV HSS-tj (dual 35S pro)sf rz. 35S 
CaMV TZ] T3] t)| o] b| (35S ter)7> pNB96 ^Bjofl ^S^VSt 1 ^. 4 v 7l ^ 

# ^^^(electroporation) 6}aS^e]^ AGL1<^1 Ti^sr}^. ^1^, 
Sf7l ^ w 0 >^ (floral-dip me t hod) (C lough, S. J. & Bent, A. F. Plant J., 
16:735-743, 1998)^1 t^Bf a^S.^^ e) -g- ©.S. °fl 7l7j-cfl^ 

62-39 



sH^^h 25j«g/m02l DL-PPT(DL-phosphinothricin, Duchefa Biochemie BV)# 
«M PAPP57]- ^f^^^ir ^H^SI ^l^^lSMfl 27pfl# ^^^^cf. ^#^1 2 7fl 
zj-zj- 'PAPP5-0XT ^ ' PAPP5-0X2' si ^^§1-^^. 

<i4i> <7-3> ^f<>H: ^ <NiM|£| ^"^1 ^ 

<i42> a. 1-^ 

<143> ^*>7l IM^I ^ISCRNeasy 

plant mini kitsXQiagen, Valencia, CA)# ^-g-*}^ ^7} <7-l> ^ <7- 

2X^1^1 ^Hr^lS^-B] ^1 RNAH- ^-Sl^^x^. ^ RNA 10^ X^r-fl^IL 

1- X^Rr 1.0% *>7l-S.i 2§ ^, ^H^r H^l^^§>^x4. 

#7l ^oll M?5 -fr^Hl ^l^Sl 32 P-S^1^1 ^(^I^JL 3$] 300-700bp°il sfl 

T^3g)2|. ^ ^Aj^Al^rf. ojj^ J^x] FLA-2000R °H ^1 (Fuji 
photo film)* y o v ^ *]=i"dSr SAj-^tf. 

<i44> n ^^f, S. 8B°]}*\ Ji^r «V5f ^f-o}^ ^l*il<?l papp5-l ^ papp5-2^ 

^ X\n.^(pAPP5 ^a>^1)o] ^ tiVi£, ^#*fl<?l PAPP5-0X1 % 

PAPP5-0X2^\^ Ajn^ol z4^s]^t]-. 

<i45> b. %«t-g-^ 2z*\ 

<i46> ^r- 6 >^ ^ ^-^r^ #7}#^l 30% ^1(1.2% sodium 
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hypoghlorite)3f 0.015% X-100^-3- 10-S: ^91 ^^S}^^- . o]^ ^^^5- 

5S\ ^a]§}^tf. ^51-^51 (vernal ization)# 5]^}^ 3<H ^-91 Q/^*]^ 
(dark/cold-treatment )# *r ^, l£*r#-i: yfl^l(^3£2f 5E«r*r x l 

O.Iva Murashige-Skoog; O.lx MS)* S^r^ 0.8% ^S^Kphytoagar) wfl^Hl 

^H^^^f. #5fMm# 200umolm" 2 sec" 1 ^ ^ ^-(F48T12/CW/VH0, Philips)^! 

xl^^o.^. 22°C^1 ^S^H 12^1# Bfl^M H"0># 

^91 ^^j^-(Rc) ^ ^l^f^^l €^^(FRc)) 

A. light source)^ W ^ fe^-(Kim, B. C. dtf a/. /Ya/tf /. , 

9:441-456, 1996)°T| tfls. Al-g^l^ , ^£(fl U ence rate)^r ^-^- y cT A ffl 

(spectroradiometer)(Hanbead Optical Power Meter 840, Newport )# °l-§-*r°i 

?>\n^$] HP ^H3I 5370C ^7fl^1(HP ScanJet 

5370C digital scanner, Hwelett Packard)^ Aloj-g- o]v)^} o] (Scion 

image software, Beta 4.0.2, Scion Corporat ion)# °l-g-*>^ ^r^r^ 1 ^. °1 ^ 

0 fl7l^-tfl( Co 1-0)^1- ^1^( ^ phyA-211){ Arabidopsis 

Biological Resource Center^H £-<£wKg-)l- tfl^^ 

<147> £. 9^r ^-°>^ ^°l^l(/?app5-i) ^ PAPP5 ^^H(PAPP5 OX-2)$\ % 

til-g-^-a: SAl§l-7l ^8fl R C ^ FRc ^J\£(fluence rateH ^ *r y fl«r ^H^r ^ 
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*l*r y A°]A. 3E. 9°fl*1 iL-^r ^1, ^f- 6 >^ ^l^l papp5-l^r 

Rc 53 FRc^l tflsfl ^#(hyposensitivity)^h8: iL^l , PAPP5 

Rc ^ FRc^l tfl^ -^(hypersensitivity)?^ iL^*}. S^t PAPP5 ^f^^ 

^oTM^r 3]£3f B°fl 5] sfl nfl/fl^^r ^>-§-^l "End-Of-Day Far -Red ( EOD-FR ) " «r 

-g-sf 5x1 £af A<^1 2]sfl n]] 7fl£]ir ^Nr^l ^S^-l <?K ant ho cyan in) 2] ^ °1 

a^^^ 7j-£ir PAPP5 ^r^A ^rS. &&°] $I^r ^^.S. S^IS^cf. 

<i48> PAPP5 -8-31*1-2] ^-azjofl 2)sfl ^-°r^- ^HHH^r ^1 ^Hfl^ 

X<g^ sqofls. ^— * S ^ 5.2uj ^ ^ w-^o^ #^§;, ^ % 3z 

7} 7flSKearly f lower ing)7> ^r#5]^^(^3|- n^A]). ^l^fEi PAPP57> 
-§-°fl S^£]^r ^#2] ^^^(photomorphogenesisH 7l^°.S ?H*r 



<149> <^*H1 8> 

<i 50 > ±t-6}-$: ^ Aj-i-^loflAi -ff-^s-s] ^ ^ 

<i5i> Tifl7l] % ^OJl^^^l cfl*!; PAPP52) ^3:^71- -Sf^lx r If^l ^H^H ^ 

^*Kr ?a°aa n°m-7] ^1^1 ^ ^]«-*ihh 2]§fl 

n s^s]^ I^^l 37M21 -B-3ix>^ °>^^2f *}^} 

^ SaV^t}: <£^|°_S. S^g«r^r RBCS -fr^KGenBank accession No. X15221) , 
CAB2 -fr^KGenBank accession No. X14564) , CHS -fr^KGenBank accession No. 
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BT000596) . 

<152> A ^#*flsl ^A^r O.ix 5E^-§>^- 0.8% A^-AA AA A°H AA 

AAA^-, 3A ^A 4°c^ <A^A^\ ^-9XA. AA^t A^A?} $1«H 

200umolm" 2 sec" 1 ^ 24AA ^A h^^A^A. -frB.# 4<H 

^ # ^A°\]A A 8 A A A ^, tf^-^l % s^i^s- #3^: 

<153> - R C : 664nm spS", 20 u molm^sec" 1 ^MlMM 2AA ^ 

<154> - FRc : 748nm AA , 10 u molm^sec" 1 AA^}A 2*} A ^A ^#^1 ^ 

<i55> A A A ^^^-(green safe light) §HH *fl#l?!r 3s Q^ 0 ) 

A A^r ^H(Qiagen)# °l-g-*M A^} RNA-S- ^-s]§>^^. SL^^l^l 

HsH^^rSi^h A AAA 6 )} ^-°}AA 32 P-S.AA Ay] A 

o\] ^\^A°^ ^A^^A. ^-A FLA-2000R °]v]A ^^KFuji Photo Fi lm)S. ^1 

=iA^ ^AA^A. 

<i56> n. AA, S- HH *1 iL-^ wl-^F , # ^^Hl^ RBCS,CAB2 A CHS raRNA 

7]- 5.^- ^ nsiM-, Rc ^ FRc 

(Col-0, Ws-2HH±r AA A AAA^ AA°] ^ ^°-S. ^7}A3^A. °}A 
Ay] AAA^-2) ^Atf) AA ^sa.^- B7} A^AA^ AAA AAA^ 

AA°]A(Nagy, F. & Schafer, E. Annu. Rev. Plant Biol., 53:329-355, 2002). 
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tb^, PAPP5 Aj^-^floflA-l^ Rc ^ FRc 3z*M <#7] ^-^\7}^$] ^r^°) 

°>^^°11 ^7h^t ^^-S. M-Bf^cf. laVTg, ^-o>^- ^^^^.(^^-^ pap p5-2) <*H A] 

o] ^jjLofl ti]S>^ ^5£r}-. oji^ ^o>^ RBCS,CAB2^ CHS -?r^}^$] 

<157> <^^H1 9> 

<i58> ^>7>^l>ii^)-^ 3|£Hf ^ PAPP5«>fl ^1^: 

<i59> 7>^^^1 ^l^rSf/^^I^tS)- tiV-g-o] Aiji^Tg: iHg 

^l&^r ^ $l^o] ^SJ-aJ ^tsfl o]^o\] £_5iQ h> SJtKYeh, K. C. & 

Lagarias, J. C. /'roc. A&£/. /toatf. 5c/. 95:13976-13981, 1998; 

Fankhauser, C. et al . , Science, 284:1539-1541, 1999). h}bH , lUr^ 
A^-B-^^k -S-JE. ^ 7}--g-§l~^ PAPP5 €-7>^ ^<y§}7l 7l-7><a^> 

Sf^S si Eat A7> a] ifloflA-^ PAPP5°11 ^1*H A]^2] o_^. a=>">> 

£f§}ir KP 3J:#-g-^j(20mM Tris-HCl pH7.5, 30mM MgCl 2 , ImM EDTA, ImM EGTA, 0.1% 
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J3-mercaptoethanol , 0.1% ethanol)-8: 9A-$r ¥2 664nm^l^i 50umolS m S] t 

32 

£11- 7>^1^ R C # 5^ aA>Al^Cf. ojj^ IdV-g-g- <>!j 6fl [ y _ p]ATP# ^ 

7]-§H 30^- ^9} STi^H ^^^(^SHf AS] ^KI^sHhg-). 3Le)ji 

<4-l> ^ <5-l>*IM ^ -8-^" GST-PAPP5, GST- 

TPR ^ GST-PP2Ac z}-z}- ^7}-§H 30^ ^ sH^r ±t a ^ 

(dira green safe light) §HH 12/^5] 5X He^-^A] SDS *\3. ^^-g-^(5x 
Tris-Glycine SDS sample buffer)^- ^7>§H #^^l^^f. 10% SDS-PAGE# 

n^tr 3s ^1 FLA-2000R <>H*1 ^7l(Fuji Photo Film)# °l-g-*H 7>7l« 0 >A> 
71-^- ^-^(autoradiography analysis)-^: S S *r 5$. . 

zl ^3)-, 5. 11A°1H -£^r GST-PAPPS 1 ?]-^ 7 r 7>o]^Sfsl ^e) 3j 

£3f A^ Pfr^ ^ 80% Ir^^SH ^-i: Sf^r^^f. GST-PP2Ac# 

*r^r -^^H^S ^e) ^SH.^ A^l l:^l^rSf7> ^#£]7l^ ^r^^-M", 71 

pII-t- ^$k^. PAPP57]- 7.1-71-^l^rSl-^. Pfr-sl£3.^^: 3-35 £.5. 

*}S.^t)-. ^r, #7] ^4-^ 7f7h<y^r3^ Pfr^^l slSH.^- A7> PAPP5^ #o]^r^- 
3Li -ff5.Sj-jI , ^SHS PAPP5— r}X| 7>7h^l^Sl-^. Pfr-^SH.^- A# ^ 

Tg^&S. lk9l # 5r^l M-B^tf. 4 v 7l PAPP5^1 TPR £*11<y 

(GST-TPR) 5E^r PAPP5S] £^1 91 (GST-PP2Ac)°ll *r ^tc^t l"^^ 

til^-o]^ #^°] Pfr-^SH.^-5] -y^li)- -tfEflofl ^^8: 

62-45 



<i62> o]^, PAPP5S] #<y^5)-jL^ flr^^l &7}°) ji-fr s. 

§1-^ KP aHr-g-^ <g^§- $H ^JI 664nm°lH 50 u mo 1 S"V 2 ^ 7>*1^ Rc 

Pfr^^-S ^i^) 5£^r 748nm°lH 50 u mo 1 S"V 2 7>x]^ FRc 
(5x1^3^-^1 Pfr^AS 5^- 2g-9Y AA ^}*}^. °}^-, ^7}&r 

<163> n ^3zf, £. llBoflA| iL^ uV^- ^■o] j Pr^a.T^-ir Pfr^°lH PAPP5^1 ^| *t 

^5.7} fe-g-# &&T=h 

<164> #7] ^2f#^r ^£3.^-^1 PAPPS^l i^^^SL^: ^«fl 2: 

^-§1 ^SHS Pfr-^MH S^AS. M-Bi^flirHr ^ *1 aH?^ . 

clei*V sl£3.^-PAPP5 #^^51-31^ «HJ S|-/-fKE. 

(activation/stimulation)^ -tfJl PAPP57]- «<H]o_5. s\M3.^-$] 

Pfr^# ^(specific target)°-S *t^^r ^H^f. 



<I65> 
<166> 



PAPP5^ TPR £^1^1^ 
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<i67> PAPP55] TPR 7}^^r ^}^}7] ^4°i -f^ -g-^j 4 °K dominant 

negative mutatat ion)# ^4 ^ 44^ ^T?(reverse genetic approach)-!: °l-§-4 
^4. TPR Snfloi 4^(41451 4£] 1-138 4*1 ^4 4 4)# #^§>7l ^ 

4445: 5 ^ 4445: 10^-S. 7l^£]ir H4°H# °1-S-*H PCR-S- ^r s 34 

^4. °1 ^ PCR 44^ 94°C<4 A i 54 ^4 ^ DNA4 4 4 A ^14 94°C^1^ 
30s; 5010*114 30s; ^ 72°C°114 144^1 S44 4 4°14S 4°i # 30^1 44 
4*34 44, 72°C°114 104 44 44^1 7-1 S4°-S. 4*34^4. PCR 4 

pNB96 «)Blofl #S^4^4(£. 12A 4^). ^4 'pNB96-TPR' °M 

^4^4. pNB96-TPR ^7l#74^ 4n5.43l 5] -g- AGLl°il 

^4^4. °1^, 4^1 4^ 4^(SIGnAL T-DNA Express 

(http://signal.salk.edu/cgi-bin/tdnaexpress), Salk Institute Genomic Analysis 
Laboratory)^ 44 ^4444 4^.5-4^1 e}4^-5. °l]7l4tfl# ^444^4. 
25#g//^ DL-PPT(Duchefa Biochemie BV)4 °144°i ^§444 ^144 444^4. 
^ 257p^ Tl 4<^14 ^4^*1, °144 'PAPP5-DN' °14 ^4^4. 
DL-PPT SrflS. 4°i 44^ T3 4444 4^1 45^4 . T3 4#3l 

S-O. yfl^ gj.^ yfl O}:^ Al^-^S-O. C^tgofl ti] fjfl 44, Cf^ 

5] 4s(multiple shoots) ^ ^ 4s 44^1 5fl^ 4(dwarf ing of the floral 
shoot internodes)4 44^44(S. 12B . ^l^r PAPP5-2] TPR 4°1 4^ 

4-4 y Jj4 45:44°11 4°^Rr H4, 444 4^4-4^4 43: 44 4 

oil i^Sfl ^-£51^ 4444. £t, PAPP5S] TPR 4#x|o]l 
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DM*! 

PAPP5^r A ^ B5f JE^> 4>Jr ^-g-^-. PAPP5^r ^1 

SH.^-^ Aj-^^oll ^°i§Kr TPR £P)l<y3}- t&^I^VSI-Jl^ %^i^r ^^Rr PP2A 

^nfl Hnfloi^ ^ ^ofl ^ PAPP5^r H-^l^Sl-jLiS-Ai o]-g-^ ^ oi 

PAPP5 vfl ^fl§Kr TPR £^0]^ $flAj Al^jo] ^j^ofl -fr-g^l 

s) ^ old 
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[**^^13-?n 

(b) ^-7} A^jzf *\o]5L 70% c>M ^ 1 

13 t 1 * 3] 

*HHM1 ^l^s 4£] 1-138-2] oj-pi^A]- x\^ci\ 

5] 
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13^8- 6] 

^16%H1 ^il^s S^s]^ ^ ^^- #5ll o 



^16^}-^ ^\Sl^T ^B^# X^-^ir ^11 X. 

(b) #7] ^ «J]Bl# ^-i-Sfl i^JL Sl^Rr ^ . 

10] 
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11] 

*fllO*^ ^1-^11 S^-B-l -B-Efl^ S&^r ^A. 

12] 

«->7l^ XfWb sfl^ ^-§-*l|( dwarf plant ^la^Kr ^ : 

(a) ^11*13: 4^ 1-1385] oj-T^A}- ^<g,g- S-s] ^f#5H^.B]^# 

HIt 1 * 13] 

*fl 12*^1 &<>H, -S-71 ^#^|^ <>M)^ ^#*1H ^1 shorter 

height), i=HrS] -tls(multiple shoots) ^ ^- ^l^Kfloral shoot 

inter nodes )°-S ^U]^ §>u|- S^l ^ (phenotypic 

trait)# M-^ifl^r ^ y 0 Vl £ . 
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15] 
16] 

I^ff 17] 

-fK5=*fl-t- °l-g-*H sisa.^ ^131 ^ ^ Tt^Rr 
WW 18] 

Ai^^is 4$] 1-1385] oj-T^A}- x\<£^ #el^B]H. S^r ^JlSl-S]- 

ir #^^f#efl^.^iE.l- °l-g-«H ^\^$] <$\ ^(dwarfism) -R^ iH^Rr 

o -a • 
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[^^3- 19] 

*fll7*J- 5£^r ^118^-^1 ft 6 )^, cDNA e^Ui^s! ^3.2}^, BAC(bacter i al 

artificial chromosome) ^H^N , DNA ^ , ^^^3 ^ , ^^SL^ £fl PCR) , 

1"^, ^ 1"^, JLi ^ ^(ELISA), 2-D € 3.2. 

2-§>o]ti_s]^ -^i^ (yeast two-hybrid system) ^ vfl <H^1°1( in 

vitro binding assay)# Xfr*}^ ^^^S. Z}^ . 

20] 

(a) ^11^- vfl*l ^3^- o]± *t «J-o] §^3|1b]H.# <#J:3l-*Kr 

(b) A J-7l M Al\S.d\] SL^s}^ #71); 
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1] 
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3] 




TPR1 TPR2 
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<110> Genomine, Inc. 

POSTECH FOUNDATION 

<120> Novel phytochrome-interacting protein and a use thereof 

<130> NP03-0089 

<160> 13 

<170> Kopatentln 1.71 

<210> 1 

<211> 29 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 

<400> 1 

ggatccaaat gtcaggctct aggccgact 

<210> 2 

<211> 30 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 



<400> 2 

ctcgagctac ttgtttgctg cagcgagttc 



<210> 3 

<211> 1455 

<212> DNA 

<213> Arabidopsis thaliana 



<400> 3 

atggagacca agaatgagaa ttctgatgtt tcacgggcag aggagtttaa aagtcaggcc 60 

aacgaagctt ttaaaggtca caaatactcc agtgctattg atctatatac aaaagctatt 120 

gaactcaaca gcaacaacgc tgtgtattgg gcaaatcgtg catttgctca cacaaaactg 180 

gaggaatatg gcagtgcaat acaggatgca tcgaaggcca ttgaagttga ttcaagatac 240 

tctaagggct attacaggcg tggtgctgcg tatcttgcca tgggaaaatt taaggatgcc 300 

ttgaaggact tccaacaggt aaaaaggctt tctcctaatg accctgatgc cacaagaaag 360 

ctaaaggaat gtgagaaagc agtgatgaaa ctcaaatttg aagaagcaat ctctgtgcca 420 

gtatctgaaa ggcgttcagt agctgagtcc attgacttcc atacaataga ggttgagcca 480 

caatattctg gtgctagaat tgagggagag gaagttacct tagattttgt gaaaacgatg 540 

atggaggatt ttaagaacca aaaaacattg cataaacggt atgcctatca aatcgtctta 600 

cagactaggc aaatcttgct agcactgcct tctcttgttg atataagtgt tccacatggc 660 

aaacatatca ctgtttgcgg tgacgttcat ggtcagttct acgatcttct caatatcttt 720 

gagcttaatg gcctcccttc ggaggagaac ccatacctat ttaatggcga ctttgtggac 780 

agaggctcat tctccgttga gatcatcctc actttgtttg ctttcaagtg catgtgccca 840 

tcatccatat atctagccag aggaaaccat gaaagcaaga gcatgaacaa aatttatggt 900 



tttgagggtg aggttcggtc caagttgagt gaaaaattcg tggatctctt tgctgaagtt 960 

ttctgttacc tcccgttggc tcatgttata aatgggaagg tcttcgtggt acatggaggt 1020 

cttttcagtg ttgacggcgt gaaactctca gacatcagag ccattgacag attctgtgag 1080 

ccaccagagg aaggactaat gtgtgaacta ttgtggagtg atcctcaacc tctccctgga 1140 

agaggcccaa gcaagcgagg agttggtcta tcatttggtg gagatgtgac aaagaggttt 1200 

ttgcaagata acaatttaga tttgttggtc cggtcacatg aagtaaaaga tgaaggttat 1260 

gaggttgaac atgacggtaa actcataact gtcttctctg cgccaaatta ctgtgatcag 1320 

atgggtaata agggagcctt cattcgtttt gaagctcctg atatgaagcc aaacattgtt 1380 

acattctcag cagtgcctca tccggatgtg aagcctatgg catatgcaaa caactttctc 1440 

aggatgttca actaa 1455 



<210> 4 
<211> 484 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 4 

Met Glu Thr Lys Asn Glu Asn Ser Asp Val Ser Arg Ala Glu Glu Phe 
15 10 15 

Lys Ser Gin Ala Asn Glu Ala Phe Lys Gly His Lys Tyr Ser Ser Ala 

20 25 30 

He Asp Leu Tyr Thr Lys Ala He Glu Leu Asn Ser Asn Asn Ala Val 
35 40 45 



Tyr Trp Ala Asn Arg Ala Phe Ala His Thr Lys Leu Glu Glu Tyr Gly 
50 55 60 



Ser Ala He Gin Asp Ala Ser Lys Ala He Glu Val Asp Ser Arg Tyr 
65 70 75 80 

Ser Lys Gly Tyr Tyr Arg Arg Gly Ala Ala Tyr Leu Ala Met Gly Lys 

85 90 95 

Phe Lys Asp Ala Leu Lys Asp Phe Gin Gin Val Lys Arg Leu Ser Pro 

100 105 110 

Asn Asp Pro Asp Ala Thr Arg Lys Leu Lys Glu Cys Glu Lys Ala Val 
115 120 125 

Met Lys Leu Lys Phe Glu Glu Ala He Ser Val Pro Val Ser Glu Arg 
130 135 140 

Arg Ser Val Ala Glu Ser He Asp Phe His Thr He Glu Val Glu Pro 
145 150 155 160 

Gin Tyr Ser Gly Ala Arg He Glu Gly Glu Glu Val Thr Leu Asp Phe 

165 170 175 

Val Lys Thr Met Met Glu Asp Phe Lys Asn Gin Lys Thr Leu His Lys 

180 185 190 

Arg Tyr Ala Tyr Gin He Val Leu Gin Thr Arg Gin He Leu Leu Ala 
195 200 205 

Leu Pro Ser Leu Val Asp lie Ser Val Pro His Gly Lys His He Thr 
210 215 220 



Val Cys Gly Asp Val His Gly Gin Phe Tyr Asp Leu Leu Asn He Phe 
225 230 235 240 



Glu Leu Asn Gly Leu Pro Ser Glu Glu Asn Pro Tyr Leu Phe Asn Gly 

245 250 255 



Asp Phe Val Asp Arg Gly Ser Phe Ser Val Glu He He Leu Thr Leu 

260 265 270 

Phe Ala Phe Lys Cys Met Cys Pro Ser Ser He Tyr Leu Ala Arg Gly 
275 280 285 

Asn His Glu Ser Lys Ser Met Asn Lys He Tyr Gly Phe Glu Gly Glu 
290 295 300 

Val Arg Ser Lys Leu Ser Glu Lys Phe Val Asp Leu Phe Ala Glu Val 
305 310 315 320 

Phe Cys Tyr Leu Pro Leu Ala His Val He Asn Gly Lys Val Phe Val 

325 330 335 

Val His Gly Gly Leu Phe Ser Val Asp Gly Val Lys Leu Ser Asp He 

340 345 350 

Arg Ala He Asp Arg Phe Cys Glu Pro Pro Glu Glu Gly Leu Met Cys 
355 360 365 

Glu Leu Leu Trp Ser Asp Pro Gin Pro Leu Pro Gly Arg Gly Pro Ser 
370 375 380 

Lys Arg Gly Val Gly Leu Ser Phe Gly Gly Asp Val Thr Lys Arg Phe 
385 390 395 400 

Leu Gin Asp Asn Asn Leu Asp Leu Leu Val Arg Ser His Glu Val Lys 

405 410 415 



Asp Glu Gly Tyr Glu Val Glu His Asp Gly Lys Leu He Thr Val Phe 

420 425 430 



Ser Ala Pro Asn Tyr Cys Asp Gin Met Gly Asn Lys Gly Ala Phe lie 
435 440 445 



Arg Phe Glu Ala Pro Asp Met Lys Pro Asn He Val Thr Phe Ser Ala 
450 455 460 

Val Pro His Pro Asp Val Lys Pro Met Ala Tyr Ala Asn Asn Phe Leu 
465 470 475 480 

Arg Met Phe Asn 



<210> 5 

<211> 24 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 

<400> 5 

ggatccatgg agaccaagaa tgag 

<210> 6 

<211> 24 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 



<400> 6 

ctcgagttag ttgaacatcc tgag 

<210> 7 

<211> 28 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 

<400> 7 

ggatccgatg tcaggctcta ggccgact 

<210> 8 

<211> 34 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 

<400> 8 

gctgatcagc atggtttccg gagtcggggg tagt 

<210> 9 

<211> 34 

<212> DNA 

<213> Artificial Sequence 



<220> 



<223> PCR primer 



<400> 9 

cccggccgga ctaatatggc atcatcagca teat 

<210> 10 

<211> 27 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 

<400> 10 

ctcgagtcaa gagattgett cttcaaa 

<210> 11 

<211> 27 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 

<400> 11 

ggatccatgc cagtatctga aaggcgt 

<210> 12 

<211> 24 

<212> DNA 



<213> Artificial Sequence 



<220> 

<223> PCR primer 

<400> 12 

atggagacca agaatgagaa ttct 

<210> 13 

<211> 24 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> PCR primer 



<400> 13 

ttagttgaac atcctgagaa agtt 



